Abstract. The industrial sectors in Indonesia is currently growing very rapidly because it is supported by the development of technology in the field of manufacturing. One of the most frequently used machining operations in the manufacturing industry is welding operations. Welding operation is the most efficient and efficient method to combine two or more metal components. The product quality of welding can be obtained by using the production tool (fixture). The purpose of this research is to improve the quality of turbine runner product by using the welding fixture. The method was to design and make welding fixture of turbine runner welding, test the concentricity, straightness of the dish, the stability of the dish to the shaft, and the alignment of the blades to the shaft, and to analyze the deviation of measurement results. Based on the result of welding fixture design of cross-flow turbine runner component, a prototype welding fixture which can facilitate the assembling process of cross-flow turbine runner component was obtained. The conclusions of this research were: 1) The quality of the cross-flow turbine runner product can be increased along with the small geometrical deviation on cross-flow turbine runner using accelerator tool, 2). The maximum deviation of the runner disc placement to the axis of the axis on the 300mm diameter runner is 1.2mm and the runner of 200mm with diameter of 0.68mm, and 3). The assembling time of the turbine runner components is shorter using weld assembly tools with better accuracy.
INTRODUCTION
The development of the manufacturing industry is currently growing very rapidly as indicated by the advancement of technology implemented in the modern manufacturing industry. In general, the higher technological developments applied by an industry, the higher the levels of consumer demand. It is due to the high level of consumer usage of the product. Accordingly, the consistency of the number, shape, and size of a product or component must be even, in term of quality. Improving the product quality can be achieved with the use of production tools, including jig and fixture, mold, and dies [1] . The use of production tools will facilitate the process of work, accelerate the production process, produce more uniform products/components and quality, save production costs and provide a sense of security for the operator.
In the welding process, several errors often occur both in terms of operators and design and selection of welding tools. A common mistake is the lack of precision between the two components to produce a defective product. This is caused by errors in the design and selection of tools to support the constructed workpiece. Therefore, a tool is needed to assist the operator in welding. One of the tools in welding is Jig and Fixture. According to [2] , Jig and Fixture is a tool used in machining processes in order to produce more accurate duplication. Jig and Fixture are selected and designed in accordance with the shape of parts and machining processes to be processed. One type of Fixture used for welding process is Welding Fixture. This type of tool served to support the workpiece when the welding process is operated.
The use of fuel oil (BBM) as fuel for power plants will be limited. Therefore, the Government of Indonesia pursues a policy of national energy diversification by utilizing renewable energy potential. The potential of renewable energy sources in Indonesia, especially the new water power utilized by 4.2 GW (5.55%) of the entire potential is 75.67 GW [3, 4] . Under the policy, Government and Private Institutions, as well as Universities, attempt to find material in developing micro hydro-power generation (PLTMH).
The manufacturing and assembling of micro-hydro turbine components are done by a conventional machining process, such as electric welding process, lathe process, drilling process, milling process, and so on. One of the components in a micro-hydro turbine is a turbine runner. The manufacture of turbine runner component mainly focuses on the shape tolerances that must be met on a single element with respect to the nature of the tolerated components, such as straightness, flatness, roundness, etc. Meanwhile, the assembly of turbine runner components is a phase that focuses on orientation tolerance, location tolerance, and rotary tolerance, which must be met on a related element. The related elements shall take into account their attributes to a given tolerance such as tolerance of alignment, tolerance of stability, and so on.
The use of improper aids can hamper the welding process where the operator may have difficulty in using the tool. In addition, operators frequently face difficulties in positioning two components to be welded to produce precise and appropriate weld. The welding fixture used today requires operators to hold the tools during the welding process. It potentially leads to the defect of the product because the workpiece will be easily displaced. As a result, the setup time becomes expired and the resulting product becomes defective. One way that can be done to prevent such an issue is by performing the design and selection of back aids for better-produced products and increased productivity. This research discusses the design process of welding fixture for welding process of turbine runner component and turbine housing component. It was intended to reduce set-up time, to promote ease of work, and to increase the speed of production process.
The creation of a turbine by using simple tool may cause difficulties in controlling the dimension or uniformity of shapes, as well as may require high cost and longer duration for assembly process. To obtain uniform products that fit the basic size, an accurate and precise assembly process with an accelerator system is needed to avoid errors in assembling those components. The welding fixture can be used as a tool for the production of welding process of front engine mounting components. It can provide welding production process solution from time side set-up, ease of work and production process speed [5] . The effect of the constrained jig position and the distance to the welding deformation can be reduced by the fastening device on plate welding, in which the three-direction jig constraint has a major influence on the deformation of the component. The normal direction jig constraint effectively reduces the angle of distortion from compressive forces and shrinkage. In general, more angular distortion can be reduced by the position of the jig and the smaller distance [6] . The control style can increase the flexibility in the process car body when compared with the use of conventional law [7] . The Assembling Jig Joint system can stabilize the connecting process because the AJJ system uses many components, including angle joints, adaptive PC bolts, expanding mandrels and modular locators. With AJJ system, it can be operated efficiently and thoroughly, so it can lower the production cost [8] .
Based on the previous studies, it can be claimed that the utilization of fixture (production tools) can improve the efficiency of the assembly process where each component is assembled to form a different model or accelerator. In this case, the research and the architecture of the production aid the production of the components of the runner turbine and the main components based on the effectiveness and efficiency principles in order to ease the assembly process. The purpose of this research was to improve the quality of turbine runner products using welding fixtures.
EXPERIMENTAL METHOD

Materials and Equipment
The materials and components used to make the turbine welding tool are: 6mm thick steel plate size of 32x32 cm, Stone Pipe with diameter of 2 "x55 cm and 2.5" x 55 cm, 6mm thick steel plate size of 32x32 cm, 6mm thick steel plate size of 22x22 cm, Solid iron Ø 2 "x 70 cm, Solid iron Ø 2.5 "x 70 cm, 4mm thick steel plate, size of 4x30 cm, 4mm thick steel plate, size of 5.5x50 cm, M12 x 4cm, Electrode Ø 3.2mm. The equipment used to make tools and components of the turbine runner were lathes machine, CNC milling machine, drilling machine, bending machine, cutting plates, grinding machine, electric welding machine, dial indicators, and balancing tool. The machining process was also performed by [9] [10] [11] in experiments. Additionally, lathe machine was employed for turning of aluminum alloy.
Design Method
Jig and fixture for welding is a series of standard taping, fastening pen, retaining and all of them are integrated into a functioning unity. Several points shall be considered in the design of tools, such as the good welding position for the operators, easy and fast application of fixture, simple and inexpensive design, capable to provide leeway on the workpiece to move in one direction, and provision of grafting for various welding operations. Based on several considerations in planning a tool system, welding fastening system has been designed as shown in Fig. 1 . The first design was chosen by considering its properties, namely easy and inexpensive production, flexible in use, and easy welding position for the operators.
RESULTS AND DISCUSSION
The assembly of cross-flow turbine runner components was made in two types of size with specifications as in Table 1 . Based on the data of both sizes of the cross-flow turbine runner component in Table 1 , the detail of the assembly system for tools is presented in Fig. 2 and 3. 030020-3 The cross-flow turbine runner consists of three components, namely shaft, disc, and blades. The specification of the components of turbine runner developed in this experiment is presented in Table 2 . The subsequent process was to connect the welding of the disk on the runner shaft and runner blades on the runner plate. Some points to consider in the assembly process are:
1. The straightness of the runner plate to the shaft axis, 2. The alignment of the runner blade against the shaft axis. The next step after the temporary interconnection was to check the straightness of the runner plate against the axis of the shaft and the alignment of the runner blade against the axis of the shaft. Geometrical deviation that may occur can be solved by the tuning process. The process and result of assembling runner component of cross-flow turbine can be seen in Fig. 4 and Fig. 5 .
The measurement through observation process was done to determine the alignment of the runner blade against the pivot axis. The observation was done by examining the side of the runner against the outer side of the shaft diameter. Measurement of concentricity of the turbine runner was carried out by using the balancing tool. The parameters of the runner of cross-flow turbine observed in this study were the stability of the disc to the shaft, the alignment of the blades to the shaft, and the concentration of the turbine runner. The geometric parameter that could be directly measured was the deviation irregularities of the disc against the shaft axis. It could be done by placing the runner of cross-flow turbine on the lathe and measuring it using a dial indicator. The measurement data of the disc stiffness on the shaft axis can be seen in Table 3 . The assembly design has been devised in the form of a prototype for the runner component of cross-flow turbine. The prototype of this tool can facilitate the assembly of the runner components of cross-flow turbine. Deviation deformity of the disc against the axis of the shaft has been measured. It found that the maximum deviation on the diameter runner of 300 mm was 120/100mm (1.2 mm) and on the diameter runner of 200mm was 68/100mm (0.68 mm).
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Deviation or deformation in welding can be reduced by the presence of welding aids. In terms of usage, this deformation does not really affect the turbine runner rotation of 100 to 300 rpm. This finding confirmed [6] , in which the effect of the constrained jig position and the distance to the welding deformation can be reduced by the fastening device on plate welding. Three-direction jig constraint has a significant influence on the deformation of the component. The normal direction jig constraint will effectively reduce the angle of distortion of compressive forces and shrinkage. In general, the angular distortion can be reduced by the jig position and the smaller distance.
Based on observations on the assembly process of turbine runner components, it can be seen that the new welding fixture design will make it easier for the operator to set-up with the faster total processing time. Welding fixing time using welding fixture tool produces faster time than before using welding fixture. It is caused by the position of the welding workpiece is designed to facilitate the position of operators in performing welding hence the set-up time is faster. In addition, the clamping system in this design uses toggle-action clamp. This clamp type simplifies the operator and speeds up the set-up process. This is also confirmed by [5] in which the use of welding fixture can help to provide welding production process solution from time side set-up, ease of work and speed of production process. 
